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Primary Water Stress Corrosion Crack Growth Analysis ID flaw;
Developed by Central Engineering Programs, Entergy Operations Inc.

Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks”; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1" Degree Nozzle, "90" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R mIt" - between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to ID Surface Flaw
obtain the value in inch/hr .

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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t
R, = - Rig= - t:=R,—-Ryq R, =Ryg+ 5 Timopr = Years-365-24
Tim Iy: R
_ 5 . opr . lim _ L _'m
CFinhr = 1.417-10 Cb]k = —_—— Pmtb]k = '?)— CO = —5 Rt = —
lim t

-Q ( 1 1 \

1.103- 10 3 | T+459.67 Trefi-459.67)

COl =€ 00 Temperature Correction for Coefficient Alpha

Developed by:

Verified by:
J. S. Brihmadesam

B. C. Gray
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CO = COl 75 t percentile MRP-55 Revision 1

AllData :=
0; 0 6.95 327 0.65 -1.57 -4.01
Aq: 1 27 -4.36 5.71 -7.05 -8.17
2 1.79 0.9 -3.16 -5.01 -5.65 -5.55
3] 2.43 16.37 12.05 9.1 6.05 1.52
4 2.95 32.34 25.97 21.35 16.3 11.16
5 3.36 32.9 26.89 24.3 26.19 3237
6 3.69 22.42 24.04 25.79 38.47 47.27
i, 3.82 11.46 17.71 24.72 41.34 55.71
8 3.96 5.79 1375 24.91 44.82 54.09
'9 4.09 1.69 11.14 24.39 45.42 556
10 4.23 -0.21 10.05 24.64 44.41 58.86
1 4.37 -1.29 9.63 25.29 43.96 532

AXLen := AllData<0> ID = AllData(l> ODpq = AllData(5>

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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(0 6948 3273 0645 —157 —4.013)
0.996 —2.696 —4363 —5.71 —7.053 —8.174
1.794 —0.898 —3.157 —5.009 —5.653 —5.545
2434 16369 12.049 9.098 6.045 1.522
2.946 32337 25967 21.347 16296 11.16
Data := | 3.356 32.897 26.895 24.305 26.191 32.374
3.685 22418 24.04 25793 38.469 47275
3.822 11456 17.713 24.721 41.335 55.712
3.958 5786 13.749 24.907 44.824 54.092
4.095 1.689 11.142 24.388 45417 55.597
\4231 —0207 1005 24.642 44414 58362 )

Axl = Data<O> MD := Data<3> ID := Data(l) TQ = Data<4> QT = Data(z) OD = Data<5)

Ryp := regress(Axl, 1D, 3) RQT := regress(Axl,QT, 3)
ROD := regress(Axl, 0D, 3)

Rpp = regress(Ax1,MD,3) RTQ := regress(Ax1,TQ,3)

Developed by: Verified by:
J. 8. Bohmadesam B. C. Gray
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FLCntr = RefPoint -y if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val=2

RefPoi ntt <o otherwise

ULstes.Dist ~ UTi
— — : p
Urip = FLntr + €0 Incgirs avg = 20

NoiUseriinputiis

&} Sat Aug 09 10:59:39 AM 2003

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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 Flaw Growth -Depth- {inch}
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Developed by:
J. S. Brihmadesam

- Operating Time {years} ~ .=

Verified by:
B. C. Gray
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Developed by:

Verified by:
J. S. Brihmadesam

B. C. Gray
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CGRsambi(k, 8) = CGRsambi(k’ 6 = CGRsambi(k’ 5 =
1.103 0.875 ' 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0.611
1.103 0.875 0611
1.103 0.875 0.611
1.103 0.875 0611
1.103 0.875 0.611
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Developed by:

Verified by:
J. S. Brihmadesam

B. C. Gray
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Primary Water Stress Corrosion Crack Growth Analysis - OD Surface Flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1" Degree Nozzle, "90" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension fo
obtain the value in inch/hr .

EXEnoro e s D tbtlon o el

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Input Data :-

Reference: emperature forinormalizing:Data’deq &l

od id t )
R, = - Ryq:= > t:=R,—-Ryy R, =Rjq+ 3 TlmOpr = Years-365-24
Tim Iy R
. 5 . opr _|'lim _ L ) m
CFinhr = 1.417-10 Cblk = —I . Pmtb]k = '——50 CO = -5 Rt = T
lim
0”3 | T+45967 T 459.67
COl = 1.103-10 ref* ) 0o Temperature Correction for Coefficient Alpha
Developed by: Verified by:

J. 8. Bnihmadesam B. C. Gray
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Entergy Operations Inc o poact
age 3 o

Central Engineering Programs

Co = CO] 75 th percentile MRP-55 Revision 1

Stress Input Data

AllData :=
PR 1 27 436 -5.71 7.05 817
2 1.79 0.9 -3.16 -5.01 -5.65 -5.55
13 2.43 16.37 12.05 9.1 6.05 152
4 2.95 32.34 2597 21.35 16.3 11.16
‘5 3.36 329 26.89 243 26.19 32.37
6’ 369 2242 24.04 25.79 38.47 4727
3.82 11.46 17.71 24.72 41,34 55.71
3.96 5.79 1375 24.91 44.82 54.09
4.09 169 11.14 24.39 45.42 55.6
423 -0.21 10.05 24.64 44.41 58.86
4.37 129 9.63 2529 43.96 53.2
AXLen := AllData” ID ), = AllData’” 0D = AllData"

Stress [ksi]

Stress Distribution

=20
0 0.5 1.5 2 25 3 3.5 4 4.5 5.5
Developed by: Verified by:
J. 8. Bnhmadesam B. C. Gray
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AXLen
Axial Elevation above Bottom [inch]

(0996 —2.696 —4.363 —5.71 —7.053 —8.174)
1.794 —0.898 —3.157 —5.009 —5.653 —5.545
2434 16369 12.049 9.098 6045 1522
2.946 32337 25967 21347 1629 11.16
3356 32.897 26.895 24.305 26.191 32374

Data :=
3.685 22418 24.04 25.793 38.469 47.275
3822 11456 17.713 24.721 41.335 55.712
3.958 5.786 13.749 24907 44.824 54.092
4.095 1.689 11.142 24.388 45.417 55.597
\4.231 —0.207 10.05 24.642 44.414 58.862}
Axl = Data<0> MD = Data<3> ID = Data(l) TQ := Data<4) QT := Data<2> OD = Data<5>
Ryp = regress(Axl, 1D, 3) RQT := regress(Axl1,QT,3)
Rop = regress(Ax1,0D, 3)
Rypp = regress(Ax1,MD, 3) RTQ = regress(Ax1, TQ,3)
FLCntr = RefP oint — €0 if Val=1 Flaw center Location Location above Nozzle Bottom
Refpgiyt if Val=2
Refp it +¢o otherwise
. . ULStrs Dist ~ UTip
Urip = Flcntr o Incgyrs avg = >0
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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&} Sat Aug 09 10:21:18 AM 2003

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Developed by: Veerified by:
J. S. Brihmadesam B. C. Gray

CoY
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Influence Coefficients - Flaw

0.8
0.7
=t
o2
[72]
=1
o
=
B 05
=
o
2
T 04
o
O
(]
Q
=1
3
= 104
=
0.2
0.1
0
0 055 1 15 2 25 8 35 4
Operating time {years}
— "a" - Tip -- Uniform
............... Haﬂ o Tip P Linear
"""" "a" - Tip -- Quadratic
-tmimemime "a" s Tip 2 Cubic
— "¢" - Tip -- Uniform
"c'- Tip -- Linear
"""" "c" - Tip -- Quadratic
""""" "c" - Tip -- Cubic
Developed by: Verified by:
J. S. Brihmadesam B. C. Gray

C 05
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CGRsambi(k, 2) = CGRsambi(k, 6 = GRsambi(k’ 5 =
0.827 4,005 2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 | -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 ) -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
0.827 -4.005 -2.746
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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ID Distribution
OD Distribution
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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——— Surface Point {"c“-tip)1
——— Depth Point {"a"- tip}

-2.9

-3.3 1

-3.7

Stress Intensity Factor {ksi*in*0.5}

-4.1

Operating Time {years}

Developed by: Veerified by:
J. S. Brihmadesam B. C. Gray
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Stress Corrosion Crack Growth Analysis Through-wall flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

Note : Only for use when R, ;,;/7 is between 2.0 and 5.0 (Thick-wall Cylinder)
References :

1) ASME PVP paper PVP-350, Page 143; 1997 {Fracture Mechanics Model}
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"29.1"degree Nozzle, 90" Degree Azimuth 1.544 inch above Nozzle Bottom

Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to Th !'oug h Wall
obtain the value in inch/hr . Axial Flaw

ocationiotiBlindizonezabovemnozzie bottomiinch]

Developed by: Verified by:
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Input Data :-

L:=025

Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 10ksi.

elerence &l emperature fornormalzing Data de

[ -Q, ( 1 1 \]
0~ L TH459.67 T r+459.67
Coi= o 10310 '° J e Timopy = Years 365-24
d id t
Roi= -"? Rj:= — t:= Ro - R; Rmi=Ri+ CFinhr = 1417-10°
Timgpr Tlim L
Chlk = Ptk = |[— l=—

Iim 50 2

Developed by: Verified by:
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Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

Datap| :=
0, 0 6.95 327 0.65 157 401
A 1 27 436 571 7.05 817
2 179 09 316 5.01 7565 555
30 2.43 16.37 12.05 9.1 6.05 152
2 295 32.34 25.97 21.35 16.3 11.16
5, 3.36 32.9 26.89 243 26.19 32.37
6 3.69 22.42 24.04 25.79 38.47 47.27
7 3.82 11.46 17.71 2472 41.34 55.71
s 3.96 579 13.75 24.91 44.82 54.09
9. 4.09 169 114 24.39 4542 556
10 423 021 10.05 2464 44.41 58.86
11 4.37 1.29 9.63 25.29 43.96 532
AllAXI := Datag (¥ AIID := Datag 1" AlIOD = Datag)”

Developed by:

Verified by:
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60 = .

_ 3333 /
& 20 . SUUTP — .'.-. S
E &
Z / -

6.67 /___// = -

—6.67 | i e el
=20
0 0.5 1 1.5 2 25 3 35 4 4.5 5 55

Axial Distance above Bottom [inch]
— ID Distribution
— OD distribution

(0.996 -2.696 —4.363 -5.71 —7.053 -8.174)
1.794 -0.898 -3.157 —5.009 —5.653 —5.545
2434 16.369 12.049 9.098 6.045 1522
2.946 32337 25.967 21.347 16296 11.16
3.356 32.897 26.895 24.305 26.191 32.374
3.685 22.418 24.04 25.793 38.469 47.275
3.822 11.456 17.713 24.721 41.335 55.712
3.958 5.786 13.749 24.907 44.824 54.092
4095 1.689 11.142 24.388 45417 55.597
\4.231 —0207 10.05 24.642 44.414 58.862)

Data:=

Axl:= Data< 0 ID = Data(l) OD = Data< 9

Rip = regress(Axl,ID, 3) Rop := regress(Axl,0D, 3)

Developed by: Verified by:
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FLcpr:= BZ -1 Flaw Center above Nozzle Bottom

ULsgts.Dist — BZ
20

Incgirs.avg =

&) Sat Aug 09 11:44:49 AM 2003

Developed by: Verified by:
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Developed by:

Verified by:
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Developed by: Verified by:
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TWprscc(j 6) = TWprscc('i 7 = TWprscc (0.8 =
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789
-6.011 -1.562 -3.789

Developed by: Verified by:
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Hoop Stress Plot
—o— ID Hoop Stress
OD Hoop Stres
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230 Top of Blind Zone Bottom of Weld
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-7 T T T
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Developed by: Verified by:
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Central Engineering Programs

05

0.3

e
o
t

Growth In Length {inch}
s
L

-0.3 4

-0.5 T T T T T

Operating Time {years}

Verified by:

Developed by:
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Primary Water Stress Corrosion Crack Growth Analysis 1D flaw;
Developed by Central Engineering Programs, Entergy Operations Inc.

Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Meta! in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"49.7" Degree Nozzle, "0" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "let“ - between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to ID SU rface Flaw
obtain the value in inch/hr .

Developed by: Verified by:
J. 8. Brhmadesam B. C. Gray
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stimate’of.Operating sl emperatur

od id t )
R, = > Riq:= > t:=R,-Ryy Ry, =Rijg+ > T1mOpr = Years-365-24
Tim Iy: R
_ 5 . opr = lim _ L ) m
CFinhr = 1.417-10 Cblk = Pmtblk = =0 ViR 2 Rt =—
Illm t
% (1 L)
1.103-10~ 3 | T+459.67 Treft459.67 }
COl =€ -

Oc Temperature Correction for Coefficient Alpha

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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75 1 percentile MRP-55 Revision 1

Engineering Report
M-EP-2003-004-00

AllData :=

0,

A 0.53 -19.08 -11.52 6.1 -1.13 3.36
2 0.96 -14.19 -8.99 -5.33 -1.96 0.54
3! 1.3 -9.51 -6.85 -5.46 -4.21 -6.94
7y 1.57 -6.96 -5.72 -5.59 -4.99 -5.58
5 1.79 -4.63 -4.49 -4.57 5.41 14.04
6 1.96 7.64 5.02 9.82 40.19 36.74
q. 2.16 25.32 21.61 33.65 60.26 59.63
8 2.36 33.39 34.29 51.33 80.79 77
9 2.56 33.39 37.9 52.63 84.39 84.92
10 2.76 31.76 39.61 54.28 79.77 85.21
11 2.96 28.79 39.67 53.11 65.06 66.06

AXLen := AllData<0> IDAp = AllData<l> ODypyp = A]lDa’ta<5>

Developed by:
J. 8. Brihmadesam

Verified by:
B. C. Gray
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[ 0 —25293 —15.585 —9.281 —3.55 2324 \
0.531 —19.083 —11.521 —6.114 —1.13 3.359
0956 —14.191 —-8.992 —5326 —1.956 0.535
1.297 —-9.505 —6.849 —5.457 —4.207 —6.943
1.57 —696 —5.721 —5.585 —4.994 —5.582
Data :=| 1.788 —4.629 —4.487 —4.569 5.408 14.041
1.963 7.642 5023 9.816 40.193 36.736
2.163 25317 21.609 33.649 60.257 59.632
2364 33389 34286 51.327 80.788 77.004
2.563 33.392 37.9 52,631 84.392 84917
\2.764 31.76  39.607 54276 79.772 85.213 )

Axl := Data® MD := Dats®  ID := Data" TQ:= Data® QT :=Datd®  OD := Data

Rip := regress(Axl, D, 3) RQT = regress(Ax1,QT,3)
Rop := regress(Axl,0D,3)

Rpp = regress(Ax1,MD,3) RTQ := regress(Axl1,TQ,3)

Developed by: Verified by:
J. 8. Bnhmadesam B. C. Gray
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F LCntr = RefPoint =) if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val=2

RefPoint +¢q otherwise

ULstrs.Dist ~ YUTi
— — . p
Urip = FLCntr + €0 Incgtrs avg = 20

15 TS FE e S S e

) Sat Aug 09 10:59:39 AM 2003

Developed by: Verified by:
J. 8. Bnhmadesam B. C. Gray
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" Flaw Growth in Depth Direction

Engineering Report
M-EP-2003-004-00

02f .

" :Flav‘x' Growfh '-‘Depth-v {inch}‘f i |

oA o

LS a2 L2833

 Operating Time years}

05

- Flaw Growth -Length- {inch} ~

Developed by:
J. 8. Bnhmadesam

SLsT 2 28 3 s
~ - Operating Time {years} L

Verified by:
B. C. Gray
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi(k’ ) = CGRsambi(k’Q = CGRsambi(k,S) =
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
1.103 -0.167 -0.462
Developed by: Verified by:

J. S. Brilrnadesam B. C. Gray
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—o—— ID Hoop Stress
—a—-n OD Hoop Stress

0.07

0.06

o
[=3
o

1

Crack Depth {inch}
o
e
L

0.03

0.02

Developed by:
J. 8. Brihmadesam

T T
2 3
Operating Time {years}

Verified by:
B. C. Gray
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05
I:; 0.3
s
k3]
o
5 017
£
2
&
£
£ 01+
3
<
9
G -03
05 T T T T :
0 1 2 3 4
Operating Time {years}
02
= —— SIF Depth Point
‘_5 —— SIF Surface Point
£
3
5031
I3
P
2
[Z]
s
E
2 044
8-04
1]
05 T T T T T
0 1 2 3 4
Operating Time {years}
Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Primary Water Stress Corrosion Crack Growth Analysis - OD Surface Flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks”; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"49.7" Degree Nozzle, "0" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr.

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Input Data :-

Numberiof.Operating sYear

Jteration;imitforiCrackiGrowthlloop

=stimate of;0Operating il emperature

i .
Ro = - Rig= > t:=R,—-Ryq Ry =Riq+ 3 T'mopr := Years-365-24
Tim Ii: R
- 5 ._ _Mopr lim L _ Ry
CFinhr = 1.417-10 Cblk = I_ Pmtblk = -? co = rY Rt = T
lim
1.103-10~3 | T+459.67 T,.r+459.67
COI =€ 03-10 ref* } 00 Temperature Correction for Coefficient Alpha
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray



Entergy Operations Inc Append’i;( c; gtt'cflgl;ment 23 E'ﬁ‘f?g";&%g_‘éﬁf%
age 30 -EP- .

Central Engineering Programs

CO = C01 75 th percentile MRP-55 Revision 1

Stress Input Data

corded;on dataisheet(inches)]

AllData :=

0.96 -14.19 -8.99 -56.33 -1.96 0.54

1.3 -9.51 -6.85 -5.46 -4.21 -6.94

1.57 -6.96 -5.72 -5.59 -4.99 -5.58

1.79 -4.63 -4.49 -4.57 5.41 14.04

1.96 7.64 5.02 9.82 40.19 36.74

2.16 25.32 21.61 3365 60.26 59.63

k8 2.36 33.39 34.29 51.33 80.79 77

29; 2.56 33.39 379 52.63 84.39 84.92

a0 2.76 31.76 39.61 54.28 79.77 85.21

11 2.96 28.79 39.67 53.11 65.06 66.06

AXLen = AllData<0> IDpy = AllData<1> oD All = A]lData(S)

Stress Distribution
100 T T T I T T T T

mmmany
d N,

Stress [ksi]

0 0.5 1 1.5 2 25 3 35 4 4.5

Verified by:

Developed by:
B. C. Gray

J. 8. Brihmadesam
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AXLen
Axial Elevation above Bottom [inch]

0.531 —19.083 —11.521 -6.114 —1.13  3.359
0.956 —14.191 —8.992 —5.326 —1.956 0.535
1.297 —9.505 —6.849 —5.457 —4.207 —6.943
157 —696 —5.721 —5.585 —4.994 —5.582
Data :=| 1.788 —4.629 —4.487 —4.569 5.408 14.041
1.963  7.642 5023 9816 40.193 36.736
2.163 25317 21.609 33.649 60.257 59.632
2364 33389 34286 51.327 80.788 77.004
2.563 33.392 379 52,631 84.392 84.917
\2.764 31.76  39.607 54.276 79.772 85.213)

Axl = Data<0> MD := Data<3> ID = Data<l> TQ = Data<4> QT == Data<2> OD := Data<5)

Rip := regress(Axl,ID,3) RQT = regress(Axl1,QT,3)
Rop = regress(Axl, 0D, 3)

Rmp = regress(Axl,MD,3) RTQ := regress(Axl1, TQ,3)

FLCntr = RefPoint ~ ¢ if Val=1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val=2

RefPoint +¢p otherwise

ULgtrs Dist ~ UTi
— — . p
UTip " FLCntr"' €0 InCStrs_avg = >0

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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NojUserginputiisire

&) Sat Aug 09 10:21:18 AM 2003

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Appendix C
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Central E;

PmpLength = 0.26

Verified by:

Developed by:

B. C. Gray

J. 8. Brihmadesam
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Developed by: : Verified by:
J. 8. Brihmadesam B. C. Gray
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Influence Coefficients - Flaw
0.8
0.7
3
= 0.6
2
w
c
(5}
£
=00
=
E |
S 04 %
o |
g !
. 1
g |
3
= 0.3
=
0.2
0.1
. ‘
0 0.5 I 15 2 £ =
Operating time {years}
— "a" - Tip -- Uniform
............... "a" - Tip -- Linear
........ "a" - Tip -- Quadratic
Skt "a" - Tip -- Cubic
— "C" - Tip - Ul’lifOrm
............... "e' - Tlp -- Linear
........ "¢" - Tip -- Quadratic
.......... Uil Tlp -- Cubic
Developed by:

J. S. Brihmadesam

Engineering Report
M-EP-2003-004-00

Verified by:
B. C. Gray

CAZ-
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CGRsambi(k’ %) = CGRsambi(k, 6 = CGRsambi(k, 5) =
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4749
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4749
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4,749
0.827 6.164 4.749
0.827 6.164 4.749
0.827 6.164 4.749
Developed by: Verified by:

J. 8. Brhmadesam B. C. Gray
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ID Distribution
OD Distribution

“ PR [

05

o
w
s

o
o
:

Crack Growth « Depth Direction {inch}
b
"

5
w
1

-0.5 T T T T T
0 1 2 3 4
Operating Time (years}

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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—— Surface Point {"c"-tip} |
——— Depth Point {"a" tip}

6.0

5.5

Stress Intensity Factor {ksi*in*0.5}

45 T T T T T

Operating Time {years}

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Stress Corrosion Crack Growth Analysis Through-wall flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. 6ray

Note : Only for use when R,/ is between 2.0 and 5.0 (Thick-wall Cylinder)
References :

1) ASME PVP paper PVP-350, Page 143; 1997 {Fracture Mechanics Model}
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"49.7"degree Nozzle, "0" Degree Azimuth 1.544 inch above Nozzle Bottom

Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to Th roug h Wa"

obtain the value in inch/hr . AX|a| Flaw

xXial]
Bhove nozzle bottom)s

Developed by: Verified by:
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Input Data :-

L:=025 Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 10ksi.

Number:ofOperatingiYears

Estimate of ,Operanng gl emperature

Poissons’ratio @ 600 K

-Q 1 1 \
Coe o 1.103.1073 (T+459.67 Trert459.67 )|

= o Timgpr := Years-365-24
d d t
Ro = % Rj:= -’; t:=Ro - Rj Rm:=Ri+ > CFighe = 1417-10°
Timg i L
Chlk = " pr Pty == ﬁ l:= 5
lim

Developed by: Verified by:
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Engineering Report

M-EP-2003-004-00

Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

Datap) = .
:0: 0 -25.29 -15.59 -9.28 -3.55 2.32
i 0.53 -19.08 -11.52 6.11 -1.13 3.36
127 0.96 -14.19 -8.99 -5.33 -1.96 0.54
3! 1.3 -9.51 -6.85 -5.46 4.21 -6.94
4 1.57 -6.96 -5.72 -5.59 -4.99 -5.58
5 1.79 4.63 4.49 -4.57 5.41 14.04
6" 1.96 7.64 5.02 9.82 40.19 36.74
74 2.16 25.32 21.61 33.65 60.26 59.63
8 2.36 33.39 34.29 51.33 80.79 77
9 2.56 33.39 37.9 52.63 84.39 84.92

AllAx!l = DataAu(o)

$)

AllID := Datapy

AllIOD := DataA“(S>

Developed by:

Verified by:
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100

~
w

w
(=4

Stress [ksi]
o

- 0 :
3 0 0.5 1 L5 2 25 3 35 4 45
Axial Distance above Bottom [inch]
— ID Distribution
““““““ = OD distribution

(0 25293 —15585 —9.281 —3.55 2324 )
0.531 -19.083 —11.521 —6.114 —1.13 3359
0.956 —14.191 —8.992 -5.326 —1.956 0.535
1297 -9.505 —6.849 -5.457 —4207 —6.943
157 —6.96 -5.721 -5.585 —4.994 —5.582

Data .=
1.788 —4.629 —4.487 —4.569 5.408 14.041
1.963 7.642 5.023 9.816 40.193 36.736
2.163 25317 21.609 33.649 60.257 59.632
2.364 33.389 34286 51.327 80.788 77.004
\ 2.563 33.392 37.9 52.631 84392 84917 )
Axl:= Data<0) ID:= Data(l) OD = Data< 5
Rip := regress(Axl, 1D, 3) Rop := regress(Axl, 0D, 3)

Developed by: Verified by:
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FLCpee = BZ — |

{5} sat Aug 09 11:44:48 AM 2003

Flaw Center above Nozzle Bottom

ULstrs.Dist — BZ
20

Incgyrs avg ==

Developed by:

Verified by:
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PropLength = 042

R N R . : " FlawLengthvs.Time =~ :

1S

R -

PR 4 B .

. B .

<>t< T“'prscc.' S I I Y IR I IR IR IO IV

H ‘=' . .|v3 - oy
O ‘ "
s B

0

‘

G05 T LS 2 25 3 e 38 4 s T

S Mgy
7% 0 Operating Time {years} - @ .

.'_Ente‘rgvy MoAdél. -
""»,:f:iln;:réaée iﬁHalfLéhgiﬁ N

=
e . =
54
g
. O
-
g [
205

0

0- S Ces. o1 s T2 as U335 A
e A0S 70 Operating Time {Yearsy o e T T

Developed by: Verified by:
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Developed by: Verified by:

C\-
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Twcpwsc:c(j 6) = Twcpwscc(j n = T\"chwscc(j 8 =
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224
2.804 -3.135 -0.224

Developed by: Verified by:
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Hoop Stress Plot

80 — —o—— |ID Hoop Stress
OD Hoop Stress
/'
z 40 Top of Blind Zone
2
P
7]
Q
o
o
X
0 b—————\\/ \
/ Bottom of Weld
-40 T T T T T
0 1 2 3 4
Distance from Nozzle Bottom {inch}
—— OD Surface SIF
—— ID Surface SIF
o —— Average SIF
)
2
=
£
2
307
&
2
123
i~
<}
=
g
B
-4 T T T T T
0 1 ] 3 4
Operating Time {years}
Developed by: Verified by:

C\s
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05
031
£ 0]
e
£.01-
§
0.3
05 T r : T T
0 1 2 3 4

Operating Time {years}

Developed by: Verified by:
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Primary Water Stress Corrosion Crack Growth Analysis ID flaw;
Developed by Central Engineering Programs, Entergy Operations Inc.

Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP §5 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"49.7" Degree Nozzle, "180" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R mIt" - between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to ID S u rface Flaw
obtain the value in inch/hr .

Developed by: Verified by:
J. 8. Brihmadesam - 8. C. Gray
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od 1d .
Ro =— Riq = > t:=R, - Rld R, = Rid+ > T1mOpr = Years-365-24
Tim Iy R
_ 5 . opr . Iim _ L . m
CFinhr = 1.417-10 Cblk = —Il—— Pmtblk = W CO = 'E Rt = T
im

-Qg an )
1.103- 103 | T+459.67 Tref+459.67)

COI =€ TS Temperature Correction for Coefficient Alpha

Developed by:

Veerified by:
J. S. Brihmadesam

8. C. Gray



Entergy Operations Inc.
Central Engineering Programs

Developed by:

J. S. Brihmadesam

CO = CO]

Appendix C; Attachment 25

Page 3 of 11

75 th percentile MRP-55 Revision 1

Engineering Report
M-EP-2003-004-00

AllData := _
0 -19.26 -10.12 -4.18 0.96 6.11
R 2.12 5.73 -6.47 -6.39 -5.55 -4.56
2! 3.82 17.6 15.21 2.9 -18.5 -27.61
3 5.18 46.67 4317 21.37 -23.74 -38.61
4, 6.28 50.22 56.01 41.66 -5.65 -38.45
7.15 60.41 57.07 52,14 3752 13.39
6 7.85 60.15 60.41 60.93 60.02 46.14
i 8 64.31 66.29 72.43 77.91 61.8
8. 8.15 64.61 66.42 74.37 79.16 62.86
8.3 64.71 67.27 75.08 78.64 67.33
10 8.45 63.83 67.56 76.55 77.75 69.87
1 8.6 64.07 68.26 76.29 82.56 71.21
12 8.75 65.84 68.7 76.84 80.68 75.88
13 8.9 67.55 68.71 76.69 83.46 82.66
AXLen = AliData? N OD A, = AllData™

Verified by:
B. C. Gray
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servingithestressdistributioniselectithe;regioniin:the table:above:labeledDatajythatrepresentsithe;
_fegionjofinteresti hisneeds:tosbe.done especiallyfont onsithatthave arggekt':,om'r ressive
fressatihenozzle bottom and hightensileisiresses at the Daweld Jocation SHi lightitheregion.in;the.

Bove faplereprese ingjthelregionfoibe selected(clickion; el_ ellJor; election nd;dragithe
ousewhilstiholding theleft:motse button.down ceithis:is:doneiclickitherightimouse:button:and;

electzCopyiSelectiongsithisiwillicopyithe'selectediareaontoithe.clipboard #Then clickionithezMatrix
elowi(fo theright oftheidatastatement)tohighlightithe entire:matrixzand.delete jt:fromithe edit:meny.
enithe:Mathcad: symboliappea seitheipaste; i toolibartolpastethe selectio

/0 —19259 —10.122 —4.181 0963  6.112 \
2122 —5733 —6.473 —6392 —5.545 —4.564
3.823 17.602 15215 —2.897 —18.501 —27.612
5185 46.67 43171 2137 —23.742 —38.612
6276 59222 56.012 41.664 —5.652 —38.455
7.15 60408  57.07 52.143 37519 13.387
7.851 60.147 6041 60926 60.025 46.141

Data :=

8 64.307 66.286 72427 77908 61.803

8.15 64.615 66416 74368 79.161 62.859

8299 64.71 67.265 75.078 78.64 67.335

8449 63.827 67.565 76.55 77.75 69.871

8.598 64.066 68.261 76294 82.56 71.21

8.748 65.836 68.7 76838 80.68 75875

\8.897 67546 68.706 76.691 83462 82.658 )
Axl:=Datd®  MD:=Data® ID := Data TQ = Datd® QT := Data®  OD := Data®
Rip = regress(Axl, 1D, 3) RQT := regress(Ax1,QT,3)
Rgop = regress(Axl,0D, 3)
Ryp := regress(Axl,MD,3) RTQ := regress(Axl1, TQ,3)
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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FLCntr — RefP oint — €0 if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val=2

RefPoint +¢g otherwise

. N ULgirs Dist — UTip
Urip = FLcnye + Incgyrs.avg = 20

Sat Aug 09 10:59:39 AM 2003

Developed by: . Verified by:
J. 8. Brihmadesam B. C. Gray
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" Flaw Growth in Depth Direction

Engineering Report
M-EP-2003-004-00

oaf

Flaw Growth -Depth- ‘{inch}

—

" Operating Time {years} .~ - - :

P
§
s

Flaw Growth -Length {irch} =
1

Developed by:
J. 8. Brihmadesam

5.2 25
-+ Operating Time {years}

Verified by:
B. C. Gray
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Central Engineering Programs

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Developed by: Veerified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi(k,s) = CGRsambi(k,G) = CGRsambi(k, 5 =
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
1.103 -3.643 -2.852
Developed by: Verified by:
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p Stress
op Stress

No compression'Zone!
oD

%

istanceiFrom Nozzle:

0.07

0.06

1
o
&

1

Crack Depth {inch)
o
2

0.03

0.02 T
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Operating Time {years}
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Stress Intensity Factor {ksi*Inch"0.5}
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iS00
3
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o
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O -0.3
-0.5 T T T
0 1 2
Operating Time {years}
-2.8
3.0 1 —— SIF Depth Point
2y —— SIF Surface Point
-3.2 1
-3.4
-36
-3.8 T T T T T
0 1 2 3 4

Operating Time {years}

Engineering Report
M-EP-2003-004-00

Verified by:
B. C. Gray

~
4

19



Entergy Operations Inc Appendix C; Attachment 26 Engineering Report

Central Engineering Programs Page 10of 11 M-EP-2003-004-00

Primary Water Stress Corrosion Crack Growth Analysis - OD Surface Flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"49.7" Degree Nozzle, "180" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr.

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Central Engineering Programs

Input Data :-

Pesign OperatingPressure {interal)

Number.ofiOperatingiyear.

R, = - Riyg= > t:=R,—-Rigq Ry =Ryg+ 5 TimOpr = Years-365-24
: Tim I;: R
. 5 . opr . lim _ L _'m
CFinhr = 1.417-10 Cblk = —Il— Pmtblk = T ¢y = 3 Rt = T
im

_Qg 1 1 \
1.103-10~3 | T+459.67 Tref+459'67)

COI =€ 0 Temperature Correction for Coefficient Alpha
Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Entergy Operations Inc e
age 3 0

Central Engineering Programs

CO = CO] 75 th percentile MRP-55 Revision 1

Stress Input Data

R

0 -19.26 -10.12 -4.18 0.96 6.11

2.12 -5.73 -6.47 -6.39 -5.55 -4.56

3.82 176 15.21 29 -18.5 -27.61

3’ 5.18 46.67 4317 21.37 2374 -38.61
4 6.28 59.22 56.01 41.66 -5.65 -38.45
7.15 60.41 57.07 52.14 37.52 13.39

7.85 60.15 60.41 60.93 60.02 46.14

8 64.31 66.29 72.43 77.91 61.8

8.15 64.61 66.42 74.37 79.16 62.86

9; 8.3 64.71 67.27 75.08 78.64 67.33
10 8.45 63.83 67.56 76.55 77.75 69.87
11 8.6 64.07 68.26 76.29 82.56 71.21
12 8.75 65.84 68.7 76.84 80.68 75.88
13 8.9 67.55 68.71 76.69 83.46 82.66
14 9.05 68.52 68.19 74.93 84.39 80.56

AXLen = AllData<0>

ID 5 := AllData” OD 4y = AlData’”

Stress Distribution
100 T T T T T T T T T

Stress [ksi]

10
Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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AXLen
Axial Elevation above Bottom [inch]

servingthe stressdistribution selectitheregionan the tableiabove jabeled Dataythatrepresentsihe
‘egion.ofinterestSrhisneedsitobe;done especially;fordistributionsithat-have a:large .compressive;
Btresszatithe nozzlebottomiand/highitensileistresses;at the Y-WeldidocationxCopy;the:selectionin:the
bove 1able¥clickion:the asgstatement:below and delete’jtifronithe,edif'menu:sTypexDataiandthe
Jathcadzequalzgsign(Shift-=Colon).theninsertithe;same.to:the/right.ofthe Mathcad Equals:sign:below.

aste
' (0 —19259 —10.122 —4.181 0963  6.112 )
2122 —5733 —6473 -—6.392 —5.545 —4.564
3.823 17.602 15215 —2.897 —18.501 —27.612
5.185 46.67 43.171 2137 —23.742 —38.612
6.276 59222 56.012 41.664 -—5.652 —38455
7.15 60408 57.07 52.143 37.519 13.387
7.851 60.147 6041 60926 60.025 46.141
Data := 8 64307 66.286 72427 77.908 61.803
8.15 64.615 66416 74368 79.161 62.859
8299 64.71 67.265 75.078 78.64 67.335
8.449 63.827 67.565 7655 71.75 69.871
8.598 64.066 68261 76.294 82.56 71.21
8.748 65.836 68.7 76.838 80.68 75.875
\ 8.897 67.546 68.706 76.691 83.462  82.658 )
Axl = Data(0> MD = Data<3) ID = Data(l> TQ == Data(4> QT = Data<2> OD = Data(5>
Rip = regress(Axl, 1D, 3) RQT = regress(Ax1,QT, 3)

ROD := regress(Axl,0D, 3)
Ry = regress(Ax1,MD, 3) RTQ = regress(Ax1, TQ,3)

FLCntr = Refp oint — €0 if Val=1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val=2
RefPoint + ¢ otherwise
Une e FL _ ULstrs.pist ~ Yip
Tip = "“Cntr * €0 IncStrs.avg = 20
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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PmpLength = 6.147

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray



Entergy Operations Inc Appendix C; Attachment 26 Engineering Report
Central Engineering Programs Page 7 of 11 M-ER:2003-004-00

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray

19




Entergy Operations Inc Appendix C; Attachment 26 Engineering Report
Central Engineering Programs Page 8 of 11 M-EP-2003-004-00

Influence Coefficients - Flaw

0.8
0.7
=t
.S
[72]
=
Q
£
T 05
=
[P}
'l.g Sp—
T 04
o
Q
(D]
Q
=
S
= e
=
0.2
0.1
0
0 0.5 1 15 2 25 3 35 4
Operating time {years}
— "a" - Tip -- Uniform
............... llall i Tip _— Linear
"""" "a" - Tip -- Quadratic
i "a" - Tip -- Cubic
— "¢" - Tip -- Uniform
............... "c' L Tip T Linear
"""" "c" - Tip -- Quadratic
""""" "¢" - Tip -- Cubic
Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi(k’ 8) = CGRsambi(k, 6 = CGRsambi(k 5) =
0.827 -2.722 -2.797
0.827 -2.722 -2.797
0.827 -2.722 2.797
0.827 -2.722 -2.797
0.827 -2.722 -2.797
0.827 -2.722 2.797
0.827 -2.722 -2.797
0.827 -2.722 -2.797
0.827 -2.722 -2.797
0.827 -2.722 2.797
0.827 -2.722 2.797
0.827 -2.722 2.797
0.827 -2.722 2.797
0.827 -2.722 -2.797
0.827 -2.722 2.797
0.827 -2.722 -2.797
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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1D Dis}ribution
—eo—— QD Diptribution

:‘I’np of Blind Zong]

05

0.3

0.1

-0.1

Crack Growth - Depth Direction {inch}

-0.5 T T T T T
0 1 . 2 3 4

Operating Time {years)

Developed by: Verified by:
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-2.72 Surface Point {"c™-tip} |
——— Depth Point {"a™ tip} |

-2.74

-2.76

-2.78

Stress Intensity Factor {ksi*in*0.5}

-2.80

Operating Time {years}

Developed by:

Verified by:
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B. C. Gray

CZ)



